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subsets of actomyosin bundles in both neurons and
fibroblasts (Totsukawa et al., 2000; Zhang et al., 2003)
Pulling Back to Move Forward
and in migrating cells MLCK is highly active at the front
whereas Rho/ROCK act at the back to promote rear
retraction (Chew et al., 2002; Ridley et al., 2003).Animal cells can change shape and move by using
The reason for the pulses of lamellipodial retractionactin polymerization to drive plasma membrane pro-
is believed to be to exert tension on a family of trans-trusion. Giannone and coworkers (this issue of Cell)
membrane receptors known as integrins, which binddescribe how cells periodically pull back on these pro-
outside the cell to extracellular matrix (ECM) proteinstrusions in order to sense and respond to the rigidity
and inside the cell to the actin cytoskeleton. Tension orof their environment.
mechanical force can both enhance integrin binding to
the ECM and initiate integrin-mediated signaling, therebyWhen animal cells change shape or move, they generally
stabilizing points of adhesion (Alenghat and Ingber, 2002;use actin polymerization to push the plasma membrane
Ridley et al., 2003). This is necessary to allow the protru-outwards, forming localized protrusions known as la-
sion to attach stably to the ECM and thereby promotemellipodia (Pollard and Borisy, 2003; Ridley et al., 2003).
persistent forward movement. Fibroblasts sense the flexi-This can drive a variety of responses including neurite
bility of the substratum through integrins and turn to moveextension, cell spreading after mitosis, and cell migra-
preferentially on a more rigid substratum when they havetion. However, in cultured cells the actin filaments in
a choice (Lo et al., 2000). The results of Giannone et al.lamellipodia often move rearwards with respect to the
(this issue of Cell) indicate that periodic retractions aresubstratum (known as retrograde flow), a process de-
intimately linked to rigidity sensing—the retractions dopendent on contraction of a network of actin and myosin
not occur on substrates that are flexible or do not bindfilaments found at the boundary between the lamellipo-
integrins, and conversely cells do not spread effectivelydium and the rest of the cytoplasm (Welch et al., 1997).
on these substrates. The periodic retractions could beThe overall rate of protrusion depends on the difference
an integral part of the cell’s mechanism for sensing itsbetween the actin polymerization rate and the retro-
environment—if the integrins do not move when thegrade flow, and in some cases the speed of rearward
retraction occurs, this indicates that the substrate isactin network motion equals the speed of actin polymer-
relatively rigid and the stretch exerted on the adhesionization and there is no net forward movement of the
site will then enhance integrin binding to the ECM andplasma membrane. At first sight this retrograde flow
stabilize the protrusion. Indeed, each wave of lamelli-seems counterintuitive—why move the actin filaments
podial retraction coincides with the appearance of integ-backward when movement is dependent on actin poly-
rin and paxillin foci close to the front of the lamellipod-merization driving the membrane forward?
ium, indicating that the contraction activates integrinIn this issue, Giannone and colleagues shed new light
signaling leading to integrin clustering and associationon the function of retrograde flow by showing that ex-
of signaling proteins. There is therefore a tradeoff be-tending lamellipodia often undergo periodic retractions,
tween maximizing forward protrusion through actin poly-
which occur at a frequency similar to the time it takes
merization and stabilizing the membrane attachments to
newly generated actin filaments to move from the front
the substratum through retraction.
to the back of the lamellipodium. Interestingly, these
The contraction waves could be perpetuated through
retractions do not occur synchronously over the whole a positive feedback loop where the integrin signaling
lamellipodium, and they were only able to detect them stimulates release of signaling molecules such as MLCK
by devising methods to analyze the behavior of small so that they are transported by retrograde flow to the
sections of the cell perimeter in detail. This may be why back of the lamellipodium. MLCK would then stimulate
the retractions have not been observed previously. The increased MLC phosphorylation and actomyosin con-
authors propose that retrograde flow brings signaling traction, activating integrins and a subsequent round of
molecules from the front of the lamellipodium, where MLCK release at the front of the lamellipodium. What is
they are probably activated, to the back, where they unclear is whether the MLCK is activated in pulses at the
act. One of these molecules is myosin light chain kinase front of the lamellipodium, or whether it is constitutively
(MLCK), which activates myosin-based contractility. active but its actions are regulated by localization. Use
MLCK activity is known to be required for retrograde of a fluorescence resonance energy transfer (FRET)-
flow of actin in lamellipodia (Welch et al., 1997), and based probe for MLCK activity (Chew et al., 2002) should
Giannone et al. (2004, this issue of Cell) now show that be able to resolve this. One question raised by these
the periodic lamellipodial retractions are also dependent results is how the MLCK gets to the front of the lamelli-
on MLCK. Their results suggest that in addition to the podium in order to be released during retraction: does
steady-state level of actomyosin contractility required it diffuse, is it actively transported, or is it attached to
for continuous retrograde flow, additional pulses of the plasma membrane and then released by integrin
higher contractility are generated through periodic re- signaling? This could be tested using the recently devel-
lease of MLCK from depolymerizing actin filaments at oped FLAP (fluorescence localization after photobleach-
the back of the lamellipodium. Another activator of myo- ing) method, which has been used to show that actin
sin-based contractility, the Rho-activated kinase ROCK, monomers are likely to be actively transported to the
is not required for the periodic retractions, consistent leading edge of the lamellipodium (Zicha et al., 2003).
with observations showing that Rho does not affect ret- Why have waves of contraction rather than uniform
rograde flow in growth cones (Zhang et al., 2003). In rearward tension acting on integrins? It may be that the
level of uniform tension that would still permit effectivefact, Rho/ROCK and MLCK appear to act on different
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Zicha, D., Dobbie, I.M., Holt, M.R., Monypenny, J., Soong, D.Y.,forward protrusion of the plasma membrane is insuffi-
Gray, C., and Dunn, G.A. (2003). Science 300, 142–145.cient to activate integrins and signaling. In this scenario,
cells have reached a compromise where periodic strong
rearward movements of the dendritic actin network
allow integrin signaling to occur at the front. Whether the
contractions also enhance Arp2/3 complex-mediated
actin polymerization is not clear. Effects of MLCK inhibi-
tion on lamellipodia appear to vary depending on cell
type and conditions, but Giannone et al. (this issue of
Cell) show that periodic contractions do not occur dur-
ing early cell spreading and moreover that MLCK inhibi-
tion does not affect this stage, arguing against an essen-
tial role of contraction in Arp2/3 complex activation. It
would be interesting to know what initiates the waves of
contraction during cell spreading; possibly a threshold
level of integrin engagement is required.
Giannone et al. (this issue of Cell) primarily used fibro-
blasts for their experiments, as have the majority of
researchers investigating actin dynamics and the effects
of mechanical force on integrins. It would be interesting
to know whether rapidly moving cells such as T cells or
neutrophils show similar periodic contractions at the
leading edge, or whether in fact they do not sense the
physical rigidity of their environment in the same way
as fibroblasts. The mechanism whereby leukocytes
probe the surface of endothelial cells may be very differ-
ent from a fibroblast migrating on a 2D substrate of ECM
proteins. In addition, it will be important to determine
whether periodic waves of contractility occur in cells in
3D matrices, which are normally what fibroblasts mi-
grate through in vivo. The answers to these questions
may already be in our data archives; the observations
of Giannone et al. (this issue of Cell) will no doubt send
many cell biologists back to reanalyze their movies of
growth cones and migrating cells.
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